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UPLC–ESI-MS/MSMauritia ﬂexuosa L. f. is a native palm tree from the South American Amazon rainforest commercialized in
food, cosmetics and medicine. This paper reported the antioxidant, antimicrobial activities and characteriza-
tion of phenolics from buriti leafs, trunk and fruit extracts. The total phenolics of the buriti extracts ranged
from 378.07±3.12 to 86.89±3.15 mg GAEq/100 g and ﬂavonoid content ranged from 567.16±1.15 to
246.84±1.11 mg QUEREq/100 g. The antioxidant activity assays with EC50 of 12.28±0.022 to 19.58±
0.064 mg/mL revealed the antioxidant capacity of M. ﬂexuosa extracts. Results of the antimicrobial tests
against some pathogenic bacteria revealed its strong ability to inhibit the growth of pathogen with low
MIC values, where the best results were found with the leaf extract against the pathogen Pseudomonas
aeruginosa (MIC 50 μg/mL). The characterization of the phenolic compounds using Ultra Performance Liquid
Chromatography coupled to Electrospray Ionization Tandem Mass Spectrometry (UPLC–ESI-MS/MS) was
based on CID experiments of the observed precursors, thus 13 compounds were tentatively identiﬁed
((+)-catechin, caffeic acid hexoside, chlorogenic acid, quercetin, narigenin, myricetin, vitexin, scoparin,
rutin, cyanidin-3-rutinoside, cyanidin-3-glucoside, (−)-epicatechin and kaempferol). These results indicate
that antioxidant and antimicrobial activities in buriti phenolic extracts are quite potent and implicate the
presence of compounds with potent free-radical-scavenging activity.
© 2013 Elsevier Ltd. Open access under the Elsevier OA license. 1. Introduction
Natural antioxidants protect the human body from free radicals
and retard the progress of many chronic diseases as well as lipid
oxidative rancidity in foods (Zheng & Wang, 2001). The biological
properties of these natural antioxidants have been largely attributed
to their high levels of various phenolic compounds, such as phenolic
acids and ﬂavonoids (Garzon, Narváez, Riedl, & Schwartz, 2010).
The regular consumption of fruits has been associated with lower in-
cidence and lower mortality rates of cancer in humans (Dragsted,
Strube, & Larsen, 1993). The prevention of cardiovascular diseases, in-
ﬂammations and aging-related disorders can also be correlated with
intake of fruits which are rich in phenolic compounds and vitamins
(Huang, Ou, & Prior, 2005). The Amazon region has suitable climatic
conditions for a large number of underexploited native and exotic palm
trees with interest to the agricultural industry, which can offer a future
income source for local people. Buriti (Mauritia ﬂexuosa L. f.), belonging
to the Arecaceae Family and the genusMauritia, is a palmwidely distrib-
uted in the Amazon Rain Forest of Brazil (Delgado, Couturier, & Mejia,
2007). This dioecious tropical palm has high ecological, cultural andolen).
e Elsevier OA license. economic value. Destructive harvesting practices to obtain the fruits un-
dermine the palm's potential in rural and regional economies (Cunha
et al., 2012). Swamps which are dominated byM. ﬂexuosa, are popularly
known as buritizais in Brazil, occurring throughout the Amazon region
and making its resources accessible to the harvesters in large quantities
(Koolen et al., 2012). This species has high economic potential, duemain-
ly to its fruits that have valuable oil for the cosmetic industries (França,
Reber, Meireles, Machado, & Brunner, 1999). The oil extracted from the
buriti fruits is popularly used against burns and as a potent vermifuge
(Koolen et al., 2012). Those activities are attributed principally to the ca-
rotenoids and tocopherols, principal compounds in the oil (França et al.,
1999). It is of interest of the general public, medical experts and food sci-
ence researchers to know the antioxidant capacity and themajor pheno-
lic compounds present in the consumed foods. Based on this interest, the
objectives of this study were to evaluate the antioxidant capacity and
phenolic content of buriti fruits, once previous works with this fruit,
just revealed the terpenoid content of the oil and its biological activities
(Vásquez et al., 2010) beyond the ascorbic acid content of the fruits
(Calderón, Calderón-Jaimes, Hernández, & Villanova, 2011). In addition,
the antimicrobial activity of the phenolic extracts was evaluated against
some pathogenic bacteria. Beyond the biological tests, the major pheno-
lic compounds in the tested extracts were tentatively identiﬁed by Ultra
Performance Liquid Chromatography coupled to Electrospray Ionization
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the fruits of this species and compared with the phenolic content of the
leaves and trunk.
2. Materials and methods
2.1. Chemicals
The chemicals used in this study were of analytical or chromato-
graphic grade. The aluminum chloride (AlCl3), 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and the gallic acid were purchased from
Sigma-Aldrich (Steinheim, Germany). The Folin–Ciocalteu reagent
(2,4,6-tris(2-pyridyl)-s-triazine) (TPTZ), the quercetin and the rezazurin
dye were obtained from Fluka-Chemie (Buchs, Switzerland). The salts
sodium carbonate (Na2CO3), sodium acetate (C2H3NaO2) and ferric chlo-
ride (FeCl3) were purchased from Merck (Darmstadt, Germany). The
Mueller Hinton Broth culture medium and the agarose were obtained
from Becton-Dickinson Biosciences (Franklin Lakes, USA). The methanol
(MeOH), acetonitrile (MeCN), hexane, dichloromethane (CH2Cl2) and
ammonium hydroxide (NH4OH) were obtained from Tedia (Fairﬁeld,
USA). The water used in all of the analyses was ultrapure produced by
a Milli-Q system, Millipore (Bedford, USA) (R=18 MΩ cm).
2.2. Plant material and sample preparation
The leaves, trunk and green fruits of three different buriti specimens
(M. ﬂexuosa) were collected in the 108 km of the AM-010 highway in
the Amazonas State, Brazil, during June of 2010. The green fruits were
washed, and the nut was separated from the rest of the fruit and then
discarded. The remainingparts (bark and pulp) togetherwith the leaves
and the trunk (200 g each) were extracted one time with a hexane:
CH2Cl2 (1:1) mixture in due to remove the apolar constituents (fatty
acids, steroids, terpenoids and carotenoids). The whole remaining fruit
material, trunk and leaves were dried and extracted the same way
with methanol:water 7:3 (3B250 mL), for each part to improve the
yield of the extraction, the obtained extracts were concentrated under
reduced pressure yielding the extracts: leaf extracts (LE, 2.7 g), trunk
extract (TE, 3.3 g) and fruit extract (FE, 1.8 g). For the ultra pressure
liquid chromatography coupled to tandemmass spectrometry analyses
(UPLC–MS/MS), the extracts had 0.5 mg dissolved in H2O:MeCN (1:1)
and the pH was adjusted to 6.00 with 30% NH4OH.
2.3. Determination of total phenolics (TPs)
The TP content of the aerial parts of M. ﬂexuosa was determined
using the Folin–Ciocalteu reagent (Singleton & Rossl, 1965). Each of
the crude extracts (1 g) was dissolved in pure water (25 mL). Aliquots
(250 μL) were mixed with 1 mL of the Folin–Ciocalteu reagent and
1 mL of a 10% (w/v) Na2CO3 solution. The samples were then incubated
at 30 °C for 1.5 h and the absorbance of each sample was measured at
765 nm. The TP content was calculated from a calibration curve, using
gallic acid as standard (1.25 to 7.5 μg/mL).
2.4. Determination of total ﬂavonoids (TFs)
The TF content was measured by the AlCl3 method (Lamaison &
Carnet, 1990). The extracts (0.5 g) were dissolved in pure water
(25 mL). Aliquots (1.5 mL) of the solutionswere added to equal volumes
of a solution 6% (w/v) AlCl3·H2O. The mixture was vigorously shaken,
and absorbance was read at 367.5 nm after 10 min of incubation. Flavo-
noid contents were expressed in mg quercetin equivalent/g dry weight.
2.5. DPPH free radical scavenging assay
The free radical scavenging activity of the crude extracts was evalu-
ated bymeasuring the decrease of the absorbance of an ethanolic DPPHsolution at 517 nm in the presence of the extract according to a previous
methodology (Mensor et al., 2001). The crude extract (4 mg) was
dissolved in 2 mL of ethanol, mixed with 1 mL of a 0.1 mM solution of
DPPH in ethanol. A control sample containing the same volume of sol-
vent in place of extract was used tomeasure themaximumDPPH absor-
bance. The reaction mixture was incubated for 30 min at 37 °C, and the
absorbance was then measured at 517 nm. Results were expressed as
the amount of the extract that caused 50% disappearance (EC50):
Percent of disappearance ¼ Acontrol−AEð Þ=Acontrol½   100% ;
where, Acontrol is the absorbance of control sample and Asample is the
absorbance of sample with the crude extract.
2.6. Ferric reducing/antioxidant power (FRAP) assay
The FRAP assay was done according to a previous methodology
(Li, Gao, Huang, Zhang, & Guo, 2011). The stock solutions included
300 mM acetate buffer (3.1 g C2H3NaO2·3H2O and 16 mL CH3COOH),
pH 3.6, 10 mM TPTZ solution in 40 mM HCl, and 20 mM FeCl3·6H2O
solution. The fresh working solution was prepared by mixing 25 mL
acetate buffer, 2.5 mL TPTZ solution and 2.5-mL FeCl3·6H2O solution.
The crude extract (2 mg) in 1 mL distilled water was allowed to react
with 2.0 mL of the FRAP solution for 10 min at 37 °C, then the absor-
bancewasmeasured at 593 nm. The standard curvewas linear between
100 and 1000 μmol of Fe(II)/g. The ﬁnal results were expressed as the
concentration of FeSO4 in 1 g of sample (μM/g).
2.7. Antimicrobial assay
The minimal inhibitory concentrations (MICs) were determined
by microbroth dilution assays as recommended by the Subcommittee
on Antifungal Susceptibility Testing of the US National Committee for
Clinical Laboratory Standards (NCCLS) using a previous methodology
(Salvador et al., 2002). The assays were performed on 96 well plates
with 100 μL of Mueller Hinton Broth (MHB), 100 μL of extract solu-
tions and 5 μL of test bacterial suspensions at 1.0×107CFU mL−1.
The extracts assayed were dissolved in dimethylsulfoxide (DMSO) at
initial concentration of 500 μg/mL until 3.125 μg/mL, and the incubation
wasmade at 37 °C for 24 h. Themicroorganisms testedwere Escherichia
coli (ATCC 87064), Staphylococcus aureus (ATCC 25923), Pseudomonas
aeruginosa (ATCC 27853), Micrococcus luteus (ATCC 4698) and Bacillus
cereus (ATCC 14579). The bioactivities were recorded as blue coloration
in the wells after the use of resazurin dye. The bacteriostatic or bacteri-
cidal effects of the extracts assayed were observed by inoculation of the
well materials on Mueller Hinton Agar plates after the tests. For positive
controls the antibiotic norﬂaxacin (4 μg/mL) and tetracycline (4 μg/mL)
were used for all the tested strains. As for negative control the dimethyl
sulfoxide (DMSO) was used during the tests. Characterization of pheno-
lic compounds by UPLC–MS/MS.
2.8. UPLC-ESI-MS/MS analyses
Ultraperformance liquid chromatography (UPLC) analyses were
performed using a Waters Acquity ultraperformance liquid chromatog-
raphy system (Milford, USA), equipped with a binary pump system
(Waters). The UPLC analyses were performed using an Acquity UPLC
BEH column (50 mm×2.1 mm i.d., 1.7 μm particle size) (Waters) with
a binary mobile phase. Solvent A was water and B was acetonitrile. Two
chromatography methods were developed to characterize the phenolic
proﬁle in the buriti samples: the ﬁrst one, to analyze anthocyanins and
ﬂavonoid glucosides (System 1), and the other one to analyze the ﬂavo-
noid aglycones (System 2). The System 1, the gradient elution at 30 °C
was as follows: 0–12 min, 5–100% (v/v) B; 12–13 min, 100% B isocratic;
and 13–14 min, 100–5% B. System 2 used the same column temperature:
0–5 min, 5–60% (v/v) B; 5–7 min, 60% B isocratic; 7–12 min, 60–100% B;
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cal methods, the ﬂow rate was 0.3 mL/min and the sample volume
injected was 5 μL. The UPLC system was coupled to the mass spectrom-
eter (MS): Quattro Micro API triple quadrupole (Waters, Manchester,
U.K.) using a Z-spray electrospray ionization (ESI) source. The MS was
operated in negative mode to analyze the phenolic compounds, both
analyses were done in a single run. The data were acquired in scan
mode using a m/z range of 300 to 650 in System 1 and 200 to 450 in
System 2. The ionization source working conditions were as follows:
capillary voltage, 3 kV; source temperature, 150 °C; cone gas ﬂow rate,
80 L/h; desolvation gas ﬂow rate, 800 L/h; and desolvation temperature,
350 °C. Nitrogen (>99% purity) and argon (99% purity) were used as
nebulizing and collision (product ion scan, MS/MS) gases, respectively.
Data acquisition was carried out with MassLynx v 4.1 software.
2.9. Statistical analysis
All analyses were run in triplicate and the results were expressed as
mean±standard deviation (SD). Differences between means were ﬁrst
analyzed using the ANOVA test and then post-hoc Tukey test (pb0.05).
3. Results and discussion
3.1. Total phenol and total ﬂavonoid contents in buriti
Phenolic compounds are considered the most antioxidant active
metabolites from plants (Bors, Michel, & Stettmaier, 2001). These
types of compounds have the ability to donate hydrogen or electrons
beyond their capacity to form stable radical intermediates. The TP con-
tents in different parts of M. ﬂexuosa pointed this palm tree as a rich
source of polyphenolic compounds. The FE extract presented the
highest amount of TPs (378.07±3.12 mg GAEq/100 g), followed by
LE (102.54±0.12 mg GAEq/100 g), whereas the TE presented the
lowest amount of TPs (86.89±3.15 mg GAEq/100 g). The TFs ranged
from 567.16±1.15 to 246.84±1.11, as milligrams quercetin/100 g
dried weight. Again the highest TF content was found in the fruits,
followed by the leaves (398.77±0.3 mgQUEREq/100 g) and the lowest
amountwas found in the trunk (Table 1). The TP and TF content of some
other typical Amazonian palm trees previously reported had higher
values: tucumã (Astrocaryum acualeatum G. Mey.) (Barreto, Benassi, &
Mercadante, 2009), bacaba (Oenocarpus bacaba Mart.) (Abadio-Finco
et al., 2012) and açaí (Euterpe oleraceae Mart.) (Kang et al., 2012)
(433.2±10.4 CTEq mg/100 g FW, 1759.27±1.01 GAEq mg/100 g FW
and 133.4±11.2 GAEq mg/100 g FW respectively). The TP ratios of
the extracts fromM. ﬂexuosawere lower than those from other Amazo-
nian typical palm fruits due to the presence of residual non-phenolic re-
ducing compounds such as carotenoids that were not totally removed
from the extractions. These compounds are present in huge amounts
especially in the fruits (França et al., 1999). The TF results can also be af-
fected by the presence of non-phenolic compounds reacting with the
Folin–Ciocalteau reagent, such as nitrogen and thiol containing com-
pounds (Everette et al., 2010).These compounds are in a lower concen-
tration when compared with the phenolic compounds in palm fruits
(Schauss et al., 2006). The variation of the levels of phenolic compoundsTable 1
Total phenolics, total ﬂavonoid and antioxidant capacity of the extracts of M. ﬂexuosa.
sample Total phenolics (TPs)
(mg GAEq/100 g)
pb0.03
Total ﬂavonoids (TFs)
(mg QUEREq/100 g)
pb0.04
LE 102.54±0.12a 398.77±0.3
TE 86.89±3.15 246.84±1.11
FE 378.07±3.12 567.16±1.15
Values are expressed as means±SD (n=3).
a Tukey test (pb0.05).observed in buriti when compared with other typical Amazonian palm
fruits, can also be explained partly due to the differences in the growing
conditions. Under ﬁeld conditions, the phenolic composition of plant tis-
sues varies considerably with seasonal, genetic and agronomic factors
(Garzon et al., 2010). In addition, a large variability at various stages of
maturation and for different growing conditions, such as temperature
and rainfall, is known to affect the contents of phenolic compounds
(Tomás-Barberan & Espín, 2001). The observed values of TPs and TFs
did not correlated with the values obtained in the antioxidant capacity
for the same samples. A possible cause is the observed chemical compo-
sition of the extracts, which differs on the types of ﬂavonoids and antho-
cyanins found in the extracts. The structural features and the antioxidant
capacity are intrinsically connected (Heim, Tagliaferro, & Bobilya, 2002).
Based on this information, it's possible to justify the highest TPs and TFs
for the FE extract, where a greater variety of phenolic compounds was
found, being ﬂavonoid and anthocyanin glycosides the major com-
pounds. The greater complexity observed in the chemical composition
can possibly create a negative synergism in the observed antioxidant re-
sults, once ﬂavonoid aglycones are more potent antioxidants than their
corresponding glycosides (Gao, Huang, Yang, & Xu, 1999).
3.2. Antioxidant activity of buriti phenolic extracts
In the FRAP assay, the results were expressed as the combined
concentrations of all electron-donating reductants, which occur in the
samples obtained from the different parts of M. ﬂexuosa. As shown
in Table 1, LE showed the best reducing ability (328.65±12.56 μmol
of Fe(II)/g), followed by TE (284.50±16.98 μmol of Fe(II)/g), and
FE (280.80±37.99 μmol of Fe(II)/g). The FRAP assay measures the re-
ducing ability of antioxidants that react with ferric tripyridyltriazine
(Fe3+-TPTZ) complex and produces a colored ferrous tripyridyltriazine
(Fe2+-TPTZ) (Benzie & Strain, 1996). In the DPPH tests the presence of
antioxidant in the sample leads to the disappearance of DPPH radical
chromogens which can be detected spectrophotometrically at 517 nm
(Krings & Berger, 2001). The EC50 ranged from 12.28±0.022 to
19.58±0.064 mg/mL, the obtained results for the DPPH tests are in ac-
cordance with previous antioxidant capacities recorded for the buriti
oil, but differences on the absolute values were expected due the differ-
ent chemical compositions (Ferreira et al., 2011). The scavenging ability
of the test samples was higher, consistent with the TF content, FE being
the most active, followed by the leaves and the trunk. The results
obtained for TP and TF displayed no linearity correlation with the anti-
oxidant assay, which was previously observed for some ORAC assays
(Ou, Huang, Hampsch-Woodili, & Flamanan, 2003). The differences in
the antioxidant activity (Table 1) can be explained by the differences
in phytochemical composition and concentration, primarily associated
with ﬂavonoids and anthocyanin content, and also for the presence of
several glycosylated compounds in the buriti extracts. Previous studies
with phenolics from palm have demonstrated antagonistic interactions
between polyphenolics. The diversity of these phenols in buriti creates
a complex matrix, as already cited in jussara (Euterpe precatoria)
(Del-Pozo, Brenes & Talcott, 2004). The consideration of results from
recent studies that have demonstrated the individual antioxidant activ-
ity of phenolic compounds in model systems beyond the interactionFRAP
(mmol FeSO4·7H2O equiv/100 g)
pb0.03
DPPH
EC50(mg/mL)
pb0.02
328.65±12.56 12.28±0.022
284.50±16.98 13.23±0.014
280.80±37.99 19.58±0.064
Table 2
Antimicrobial activity from the extracts of M. ﬂexuosa.
sample S. aureus P. aeruginosa E. coli M. luteus B. cereus
LE 50 μg/mL 50 μg/mL n.a.a 200 μg/mL n.a.
TE 100 μg/mL n.a. n.a. n.a. n.a.
FE 100 μg/mL 200 μg/mL n.a. 200 μg/mL n.a.
a Not active.
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crease in the antioxidant activity, that is, the synergistic or antagonistic
effect of the compounds (Hidalgo, Sánchez-Morano, & Pascual-Teresa,
2010; Terpinc & Abramovic, 2010).
3.3. Antimicrobial activity of buriti phenolic extracts
Only a few works in the literature report the antimicrobial activity of
edible palm fruits. The results of the antimicrobial activity recorded for
the phenolic extracts showed weak and moderate activities against the
tested bacteria (Table 2). The best results were found in the LE extracts
with moderate activity against S. aureus and P. aeruginosa (50 μg/mL).
The most consumed part of M. ﬂexuosa (FE extract) presented only a
weak antimicrobial activity against the same strains. The antimicrobial ac-
tivity of buriti has been previously reported for the mature epicarps and
mesocarps,whichwere extractedwith ethanol andpartionatedwith hex-
ane and ethyl acetate, where there was observed high antimicrobial4 R1=R2= OH, R3= H quercetin
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with the data in the literature (Fabre, Rustan, Hoffman, & Quentin-
Leclercq, 2001). A total of 13 polyphenols (Fig. 1) distributed in the ana-
lyzed extracts have been analyzed in the present study. Fig. 2 shows the
total ion current (TIC) chromatogram of the systems used in the analysis
and the annotatedmajor peaks observed in the fruits. The observed com-
pounds, in which they detected part of the plant and the fragment ions
were assigned in Table 3.
Two hydroxycinnamic acid derivates were identiﬁed in the extracts
of different parts ofM. ﬂexuosa, the precursor ions atm/z 341 eluting at
6.85 min (FE, LE) and m/z 353 at 7.37 min (LE, TE and FE) were
subjected to CID. The product ion spectra for the precursor at m/z 341
were displayed as the main fragment of the peak at m/z 179.0, result
of a hexoside loss (162 Da). The mass of this fragment is coherent
with the structure of the caffeic acid. Other typical fragments at m/z
161, 113 and 71 are unique diagnostic fragments of a caffeic acidmoiety
(Hossain, Rai, Brunton, Martin-Diana, & Barry-Ryan, 2010). These ions
led to the identiﬁcation of this ion as being a caffeic acid hexoside. The
MS/MS of the precursor m/z 353 is consistent with the structure of the
chlorogenic acid, the product ions at m/z 191 and 179 are related with
the quinic acid and caffeic acid respectively revealing their structure.Table 3
Characterization of the individual phenolic compounds in buriti extracts using UPLC–ESI-M
Peak Rta Compound [M−H]−
1 2.10 (+)-Catechin 289
2 6.85 Caffeic acid hexoside 341
3 7.37 Chlorogenic acid 353
4 8.09 Quercetin 301
5 8.93 Narigenin 271
6 13.38 Myricetin 317
7 2.21 Vitexin 431
8 6.17 Scoparin 445
9 6.77 Rutin 609
10 9.25 Cyanidin-3-rutinoside 595
11 9.48 Cyanidin-3-glucoside 449
12 1.83 (−)-Epicatechin 289
13 3.61 Kaempferol 285
a Retention time.Flavonoids are the main polyphenols present in the extracts
of M. ﬂexuosa. The precursor ions m/z, 317 (Rt 13.38 min), 285
(Rt 3.61 min) and 301 (Rt 8.09 min) presented the common frag-
ments m/z 179 and 151 in the product ion spectra, as a result of the
retrocyclization on the A–C ring moiety (1,2A−) and the consecutive
loss of CO respectively (Fig. 3). Those are diagnostic ions of ﬂavonol
aglycones. Another fragments generated by the losses of CO and CO2
were observed for the precursors. The fragmentation pattern led to
the identiﬁcation of these precursors as being myricetin (all extracts),
kaempferol (LE, FE) and quercetin (FE) respectively, only quercetin
was previously described in M. ﬂexuosa (Koolen et al., 2012).
The CID spectrum of the precursor m/z 271 (Rt 8.93 min) (LE, TE)
identiﬁed as the ﬂavonoid narigenin, yielded a [M–H–CO]− base peak,
which is related to ﬂavanone typical fragmentation (Fabre et al.,
2001). This small neutral loss is favored by the contracted C ring of
the ﬂavanones. The other fragments displayed for the precursor m/z
177 [M–H-ringB]− and 151 which resulted from a Retro Diels Alder
fragmentation and formation of the 1,3A− ion (Ma, van den Huevel, &
Claeys, 1999). The two peaks eluting at 1.83 (LE, TE) and 2.10 min
(all extracts) displayed the same precursor mass m/z 289 and product
ions (m/z 245, 203, 187 and 161). The comparison of the fragmentsS/MS.
Major fragments (m/z) System Detected in
245, 203, 187, 161 1 FE, LE, TE
179, 161 1 FE, LE
191, 179, 173 1 FE, LE, TE
151, 179, 229, 257, 273 1 FE, LE, TE
227, 177, 151 1 LE, TE
151, 179, 245, 289 1 FE, LE, TE
341, 311, 283, 269 2 FE
341, 231 2 FE
301 2 FE, LE, TE
449, 287 2 FE
287 2 FE
245, 203, 187, 161 1 LE,TE
257, 229, 199, 151 1 TE
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Fig. 3. ESI-MS/MS spectrum of product ion scan of quercetin (m/z 301).
472 H.H.F. Koolen et al. / Food Research International 51 (2013) 467–473observed with previous described data (Pacheco-Palencia, Duncan, &
Talcott, 2009) allowed the identiﬁcation of these peaks as being
(+)-catechin and (−)-epicatechin.
The second system was used for the identiﬁcation of possible ﬂa-
vonoid and anthocyanin glucosides. The peaks eluting at 2.21 min
(all samples) and 8.17 min (FE) displayed precursor masses m/z 431
and 445, the product ion spectra displayed for both presented similar
fragmentation pattern, which differs on an initial methyl loss (15 Da),
the precursor masses and the product ions are in concordance with
the ﬂavonoid C-glucosides structures of vitexin and scoparin respec-
tively (Waridel et al., 2001). The precursor ion m/z 609 eluting at
6.77 min (all extracts) when subjected to CID exhibits as product
ion only the fragment m/z 301, this observed data are in concordance
with the structure of the ﬂavonoid rutin, which was previously iden-
tiﬁed in M. ﬂexuosa (Koolen et al., 2012).
The peaks at 9.25 min and 9.48 min (FE) were assigned as being
cyannidin-3-rutinoside and cyanidin-3-glucoside due the presence of
the single fragment m/z 285 in their MS/MS spectra (Pacheco-Palencia
et al., 2009).4. Conclusions
The results of this study reveal that the selected species contain a
considerable amount of phenolic compounds. The antioxidant assays
reveal the antioxidant properties of M. ﬂexuosa, but with lower values
when compared with other typical Amazonian palm fruits. The antimi-
crobial tests demonstrated a moderate antimicrobial activity for the
fruits, which was already expected by means of the chemical composi-
tion, showing the absence of fatty acids and phenolics derived from the
shikimic acid. The analysis of the phenolic proﬁle ofM. ﬂexuosamainly
pointed to the presence of glycosilated ﬂavonoids and anthocyanins,
responsible for the low antioxidant capacity of the fruits. The results
of this work will contribute to the potential commercial application
of buriti as an economic natural antioxidant in the Amazon region of
Brazil, where it's largely consumed by the local population.Acknowledgement
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